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(54) WORK VEHICLE PROVIDED WITH AN ANTIROLLOVER SYSTEM

(57) Work vehicle (1) comprising an undercarriage
(2) movable with respect to the ground thanks to ground
contact means (4) and a main body (3) carried in a mov-
able manner by the undercarriage (2) and comprising a
linear guide assembly (11) axially interposed between a
screw-ring assembly (8) and an intermediate portion (7)
of said undercarriage (2) and actuator means (14) con-

figured to exert a force directed to the screw-ring assem-
bly (8) so that the screw-ring assembly (8) is carried in a
linear movable manner with respect to the undercarriage
(2) along a width direction (W) in order to vary the location
of an axis (B) of rotation of the main body (3)with respect
to a longitudinal plane (A) of the work vehicle (1) .
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Description

TECHNICAL FIELD

[0001] The present invention concerns a work vehicle,
in particular an earth-moving machine, provided with a
main body movable with respect to the carriage of the
vehicle.

BACKGROUND OF THE INVENTION

[0002] Work vehicles such as earth moving machines
usually comprises a main body that is turnable with re-
spect to an undercarriage. Such undercarriage is provid-
ed with wheels or crawlers to allow the motion of the work
vehicle on the ground and the main body defines a cab
for the operator and carries the engine and the hydraulic
arrangements to operate different work tools of the work
vehicle such as booms, backs, blades etc.
[0003] Such main body is normally turnable with re-
spect to the undercarriage via a so-called screw ring as-
sembly that allows the movement of the main body with
respect to the undercarriage and, at the same time, the
passage of different hydraulic conduits, electrical or me-
chanical wires.
[0004] In view of the above-defined arrangement, it is
clear that the center of gravity of the work vehicle is nor-
mally placed in the main body, i.e. in an elevated position
with respect to the ground.
[0005] Furthermore, earth-moving machines usually
displace on rough, inclined and slip grounds. In such con-
ditions, in view of the mentioned elevated center of grav-
ity, there is a high probability of a so-called rollover of the
vehicle, i.e. a turning movement that makes the vehicle
roll on its lateral side. Such phenomenon is clearly dan-
gerous for the driver of the vehicle, for any person/object
in the neighborhood of the vehicle.
[0006] Moreover, the rollover of the vehicle creates
damages on the vehicle that involves high reparation
costs and high costs for straighten up the vehicle.
[0007] Accordingly, such rollover problem is widely
known in the art. Examples of solutions to such problems
have been provided in published documents
US20190359267 A1 or DE9319382 U1.
[0008] However, the solutions shown in the aforemen-
tioned documents are complex and inclined to damages
in view of the dirty work environment into which such
work vehicles are used.
[0009] Therefore, the need is felt to provide a work ve-
hicle configured to avoid the rollover of the vehicle in
some operative conditions and that is at the same time
compact, economic and robust.
[0010] An aim of the present invention is to satisfy the
above mentioned needs in a cost effective and optimized
way.

SUMMARY OF THE INVENTION

[0011] The aforementioned aim is reached by a work
vehicle provided by an anti-rollover system as claimed
in the appended independent claims.
[0012] Preferred embodiments of the invention are re-
alized according to the claims dependent or related to
the above independent claims.

BRIEF DESCRIPTION OF DRAWINGS

[0013] For a better understanding of the present inven-
tion, a preferred embodiment is described in the follow-
ing, by way of a non-limiting example, with reference to
the attached drawings wherein:

• Figure 1 is a rear schematic view of a work vehicle
comprising an anti-rollover system according to the
invention in a first operational condition;

• Figure 2 is a rear schematic view of a work vehicle
comprising an anti-rollover system according to the
invention in a second operational condition;

• Figure 3 is a perspective view of a portion of the work
vehicle comprising an anti-rollover system according
to the invention; and

• Figure 4 is an enlarged perspective view of a portion
of figure 3.

DETAILED DESCRIPTION OF THE INVENTION

[0014] As shown in figure 1, 2 and partially in figure 3,
reference number 1 indicates generally a work vehicle
such as an earth moving machined, in the disclosed ex-
ample a scraper, comprising an undercarriage 2 and a
main body 3.
[0015] The undercarriage 2 is provided with ground
contact means 4 configured to allow the movement of
the undercarriage 2,and consequently of main body 3,
with respect to the ground. In the disclosed example,
ground contact means 4 comprises crawlers 5.
[0016] The main body 3 may define a plurality of ele-
ments, such as a cab, booms, blades etc., but they will
be not described for sake of brevity and not linked to the
present invention.
[0017] As per se known, the undercarriage 2 compris-
es a pair of side members 6 extending longitudinally to
define a proper support to ground contact means 4 and
spaced of a pre-set width W with respect to each other.
Advantageously such pre-set width is fixed.
[0018] The two side members 6 are connected via an
intermediate portion 7 and, preferably, the two side mem-
bers 6 and the intermediate portion 7 are realized as one
piece.
[0019] The shape of the intermediate portion 7 is gen-
erally symmetrical with respect to a transversal plane A
passing in the middle of the width W, i.e. equally spaced
with respect to side members 6.
[0020] The main body 3 is carried by the undercarriage
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2 in a movable manner, in particular in a rotatable manner
thanks to a so-called screw-ring assembly 8 configured
to allow the rotation of the main body 3 with respect to
an axis of rotation B perpendicular to the undercarriage
2, i.e. to the ground.
[0021] Essentially, as shown in figures 3 and 4, the
screw-ring assembly 8 comprises a lower portion 8a cou-
pled to the undercarriage and an upper portion 8b cou-
pled to the main body 3. Such lower and upper portions
8a, 8b are configured to be axially in contact each other
while allowing a relative rotation between themselves.
[0022] As per se known, and not described in further
detail for sake of brevity, the lower and upper portions
8a, 8b defines a passage for hydraulic, electric and /or
mechanical cables between the main body 3 and the un-
dercarriage 2.
[0023] According to the present invention, the lower
portion 8a of screw-ring assembly 8 is carried in a mov-
able manner with respect to the undercarriage 2, in par-
ticular, the lower portion 8a is configured to move linearly
along a direction perpendicular to axis B and to longitu-
dinal axis of side members 6. In other words, thanks to
the movement of the lower portion 8b, the screw-ring
assembly 8 can move along the width W between the
side members 6, i.e. may vary the position of rotation
axis B with respect to symmetry plane A.
[0024] In particular, the lower portion 8a defines at
least two linear seats 9 faced towards the intermediate
portion 7 of the undercarriage 2 and configured to house
a portion of a linear guide assembly 11 axially interposed
between the screw-ring assembly 8 and the intermediate
portion 7 of the undercarriage 2, as described below.
[0025] According to the described embodiment, the
lower portion 8a defines three linear seats 9, namely a
central seat placed in correspondence of a transversal
symmetry plane of the intermediate portion 7 and a pair
of lateral seats spaced apart along an axis parallel to
longitudinal axis of side member 6.
[0026] As said, on a corresponding location on the in-
termediate portion 7 of the undercarriage 2 of each seat
9, the work vehicle 1 comprises respective linear guide
assemblies 11 each provided with a guide 12 and a cart
13 configured to slide over such guide 12.
[0027] Each cart 13 has a shape configured to mate
with the corresponding seat 9; in the disclosed example
the carts 13 are parallelepiped and therefore the seats 9
are rectangular cross-sections grooves realized on the
circular bottom surface of the lower portion 8a of the
screw-ring assembly.
[0028] Furthermore, each cart 13 together with the re-
spective seat define a mechanical coupling so that the
lower portion 8a of the screw-ring assembly 8 is joint to
the carts 13 and, accordingly, the lower portion 8a moves
according to the movement of carts 13. Such mechanical
coupling may be achieved in different ways, e.g. by fixing
via welding.
[0029] Guide 12 may be realized of any shape or cross-
section configured to mechanically cooperate with the

respective cart 13 and are fixed to the intermediate por-
tion 2 of the undercarriage 2 in different ways, e.g. by
fixing via threaded elements or by press-fitting or welding.
[0030] In particular, it is furthermore noticed that the
central linear guide assembly 11 extends along width W
more than the lateral linear guide assemblies 11 to allow
an equal movement of the lower portion 8a of the screw-
ring assembly 8 that has a circular portion.
[0031] The screw-ring assembly 8 is moved along in-
termediate portion 7 of the undercarriage 2 via actuator
means 14 configured to impart a force on the screw-ring
assembly 8 to allow its motion thanks to linear guide as-
sembly.
[0032] According to the above defined configuration,
the actuator means 14 are configured to impart a force
to the carts 13 to allow its sliding over the respective
guides 12. Each cart 13 is coupled to the respective guide
12 advantageously via a recirculating sphere system, not
shown in particular detail.
[0033] Advantageously, the mentioned actuator
means 14 comprises a hydraulic cylinder, in particular a
double acting hydraulic cylinder 15 provided with a casing
15a. fixed to the intermediate portion 7 of the undercar-
riage 2 at an extremity of a respective guide 12, and at
least a stem 16b comprising a extremity portion housed
inside the casing 15a and cooperating with the hydraulic
fluid, as known, and an opposite extremity fixed to the
respective cart 13.
[0034] In particular, in the disclosed embodiment, the
double acting hydraulic cylinder 15 is a compact double
acting hydraulic cylinder comprising a single casing 15a
and a plurality of stems 15b, e.g. three stem for each
cylinder 15.
[0035] Such hydraulic cylinder 15 are fluidly connected
to a pressurized hydraulic circuit of the work vehicle, e.g.
to an oil pressurized system that can be provided with a
dedicated accumulator to guarantee the oil flow to all
hydraulic cylinders 15.
[0036] More preferably, the work vehicle 1 comprises
actuator means 14 on both sides with respect to longitu-
dinal plane A of the screw-ring assembly 8 along width
W, i.e. each side of a cart 13 is coupled to a respective
actuator means 14 may act singularly to actuate the cart
13, therefore providing a safety redundancy, or together,
in case of very heavy main body 3 in order to provide
concurrent forces that acts to move carts 13.
[0037] According to the disclosed configuration, the
work vehicle 1 therefore comprises right and left cylinders
fixed at both extremities of a respective guide provided
with stems 15b coupled to a respective extremity of a
related cart 13.
[0038] The work vehicle 1 further comprises sensor
means 16 configured to detect the inclination of the
ground on which the work vehicle 1 is moving, i.e. the
angle α, β of inclination of the ground with respect to a
vertical axis, as shown in figures 1 and 2. Such sensors
means may comprise an inclinometer, for instance.
[0039] The work vehicle 1 further comprises an elec-
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tronic unit, not shown, comprising elaboration means
configured to acquire the data related to inclination on
the ground of work vehicle 1 detected by sensor means
16, elaborate this latter and control consequently actua-
tor means 14 to move the screw-ring assembly 8 with
respect to the intermediate portion 7 of the undercarriage
2.
[0040] Work vehicle 1 may further comprises weight
means, such as load sensors, configured to acquire data
related to the weight of the work vehicle 1 and configured
to communicate with electronic unit. This latter is config-
ured to elaborate the gravity center position of the work
vehicle as described below.
[0041] The operation of the work vehicle provided with
an anti-rollover system according to the invention and
described as above is the following.
[0042] Assuming that the work vehicle 1 is in the con-
dition shown in figure 1, i.e. running on a ground inclined
of an angle α with respect to a vertical axis, the sensors
means will detect such angle α that is acquired by elec-
tronic unit. This latter will compare angle α with respect
to a preset memorized threshold angle of inclination or
with respect to a calculated threshold angle.
[0043] Notwithstanding the way by which the threshold
angle is acquired, if:

• angle α, β is lower with respect to threshold angle of
inclination, actuator means 14 are not actuated;

• angle α, β is greater with respect to threshold angle
of inclination, actuator means 14 are control to move
the screw ring assembly 8 with respect to interme-
diate portion 7 of the undercarriage 2 to modify the
center of gravity of the work vehicle 1 to avoid a roll-
over of the latter.

[0044] In particular, the control of actuator means 14
means to allow fluid in pressure to pass into housing 15b
of hydraulic cylinders 15 and move consequently the
stems 15b. In the example of figure 1, right hydraulic
cylinders 15 are actuated to extend their stem 15b while
left hydraulic cylinders 15 are controlled to allow the
movement of their stem 15b inside the respective hous-
ing 15a.
[0045] In this way, the rotation axis B of the main body
3 is displaced with respect to the symmetry plane A of
an elaborated distance X, thereby modifying the position
of the center of gravity on the vehicle.
[0046] The elaborated distance X may be calculated
thanks to known equilibrium torque equations that must
satisfy the following mathematical relationship: 

[0047] Wherein:

• FW is the component of the weight force F of the work

vehicle 1 acting on the center of gravity along W di-
rection;

• FB is the component of the weight force F of the work
vehicle 1 acting on the center of gravity along B axis
direction;

• L is the distance between the point of application of
force FB and a ground contact point of ground contact
means 4; and

• H is the distance between the point of application of
force FW and the ground.

[0048] In view of the weight of the vehicle 1, that can
be memorized or acquired via dedicated sensor means
and the shape of the work vehicle, memorized into elec-
tronic unit, the gravity center, i.e. the weight force appli-
cation point, can be easily determined.
[0049] Then, in view of the inclination of the work ve-
hicle 1, a critical distance L (i.e. a critical angle) can be
determined. When such angle is overcome, electronic
unit can calculate a distance X able to vary the center of
gravity of work vehicle so as to modify the distance L and
thereby satisfy the above mathematical condition.
[0050] According to the above, the present invention
clearly further refers to a method for avoiding the rollover
of a work vehicle as defined above and comprising the
following steps:

• Acquire data related to the position of the center of
gravity of the work vehicle;

• Acquire data related to the inclination of the work
vehicle 1 with respect to a vertical axis;

• Compare the acquired inclination angle with respect
to a threshold angle;

• If the acquired inclination angle is lower with respect
to the threshold angle, the actuator means 14 are
not activated;

• If the acquired inclination angle is greater with re-
spect to the threshold angle, the actuator means 14
are activated to modify the position of the swivel ring
assembly 8 with respect to the intermediate portion
7 of the undercarriage 2 along its width direction W
of a quantity sufficient to avoid rollover of the work
vehicle.

[0051] In particular, the center of gravity position may
be calculated in function of the shape and the current
weight of the work vehicle 1 or may be memorized as
fixed value in the electronic unit.
[0052] Furthermore, the threshold angle may be mem-
orized in function of the typology of work vehicle 1 or can
be calculated in function of the current center of gravity
position of the vehicle.
[0053] All the aforementioned steps of the above meth-
od may be memorized and executed by an electronic unit
as defined in the preceding.
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[0054] In view of the foregoing, the advantages of work
vehicle 1 provided with an anti-rollover system according
to the invention are apparent.
[0055] Thanks to the proposed linear guide assembly
11 configured to allow the motion of the screwing assem-
bly 8 along width direction W on the intermediate portion
of the undercarriage 2, it is possible to vary the position
of center of gravity of the work vehicle 1 thereby avoiding
the rollover phenomenon.
[0056] Furthermore, since the undercarriage has a
fixed width and only the screw-ring assembly moves with
respect to its intermediate portion, the proposed system
is robust and less sensible to dirty elements with respect
to the one known in the prior art.
[0057] Moreover, the proposed use of a recirculating
spheres guide allows a minimal friction displacement of
the screw ring assembly 1 with respect to undercarriage
2, allowing a quick and inexpensive movement of all main
body 3 with simple, compact and cost-effective actuator
means 14.
[0058] The use of actuator means 14 of hydraulic ty-
pology allows the integration of the latter with other hy-
draulic circuit of the work vehicle 1, thereby allowing a
facilitated installation and control of the latter.
[0059] The doubling of such actuator means 14, real-
ized as double acting cylinders 15, on both sides of ro-
tation axis B with respect to screw ring assembly allows
both a redundancy for safety reasons and the possibility
of generating concurrent forces to move the screw-ring
assembly 8.
[0060] It is clear that modifications can be made to the
described work vehicle 1 provided with an anti-rollover
system which do not extend beyond the scope of protec-
tion defined by the claims.
[0061] For example, it is clear that actuator means 14
may be electromechanical means and that the number
and disposition of such actuator means 14 to vary the
position of the screw-ring assembly may be varied ac-
cording to the typology of work vehicle 1.
[0062] Furthermore, it is clear that the control strategy
of the actuator means 14 may be varied accordingly the
different use condition of the work vehicle.
[0063] Clearly, the exemplarily shapes and number of
the elements described and shown in the figures accord-
ing to the typology of work vehicle 1.

Claims

1. Work vehicle (1) comprising an undercarriage (2)
movable with respect to the ground thanks to ground
contact means (4) and a main body (3) carried in a
movable manner by said undercarriage (2),
said undercarriage comprising a pair of side mem-
bers (6) and an intermediate portion (7) connecting
said side members (6), said side members (6) being
equally spaced along a width direction (W) with re-
spect to a longitudinal plane (A) of said work vehicle

(1),
said work vehicle (1) comprising a screw-ring as-
sembly (8) configured to allow a rotation of said main
body (3) with respect to said undercarriage (2) about
an axis (B),
said work vehicle (1) comprising a linear guide as-
sembly (11) axially interposed between said screw-
ring assembly (8) and said intermediate portion (7)
of said undercarriage and actuator means (14) con-
figured to exert a force directed to said screw-ring
assembly (8) so that said screw-ring assembly (8) is
carried in a linear movable manner with respect to
said undercarriage (2) along said width direction (W)
in order to vary the location of said axis (B) with re-
spect to said plane (A) along the width direction (W).

2. Work vehicle according to claim 1, wherein said lin-
ear guide assembly (11) comprises at least a guide
(12) and a corresponding cart (13),
said guide (12) being fixedly carried by said interme-
diate portion (7) and defining a linear path along said
width direction (W)
said cart (13) being fixedly carried by a lower portion
(8a) of said screw-ring assembly (8) and configured
to move along said guide (12).

3. Work vehicle according to claim 2, wherein said cart
(13) is coupled to the respective guide (12) via a
recirculating sphere system.

4. Work vehicle according to claim 2 or 3, comprising
a plurality of guides (12) and corresponding carts
(13), said carts (13) being housed and fixed in cor-
responding seats (9) realized in said lower portion
(8a) of said screw-ring assembly (8).

5. Work vehicle according to any of claims 2 to 4,
wherein said actuator means (14) exert their force
on said cart (13).

6. Work vehicle according to any of claims 2 to 5,
wherein said actuator means (14) comprises hydrau-
lic actuator means.

7. Work vehicle according to any of claims 2 to 6,
wherein said actuator means (14) comprises double
action hydraulic cylinder (15).

8. Work vehicle according to claim 7, wherein said dou-
ble action hydraulic cylinder (15) comprises a plural-
ity of stems (15b) acting on a single cart (13).

9. Work vehicle according to any of the preceding
claims, comprising actuator means (14) on both
sides of said screw-ring assembly (8) with respect
to said longitudinal plane (A).

10. Work vehicle according to any of the preceding
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claims comprising sensor means (16) configured to
detect data related to an inclination of said work ve-
hicle (1) with respect to a vertical axis and an elec-
tronic unit comprising elaboration means configured
to acquire said inclination data, elaborate the latter
and control said actuator means (14) on the base of
such elaboration inclination data.

11. Work vehicle according to claim 10 comprising sen-
sor means configured to detect data related to the
weight of said work vehicle (1) said electronic unit
being configured to elaborate the position of the cent-
er of gravity of said work vehicle (1) in function of a
memorized shape of said work vehicle (1) and said
data related to its weight.

12. Method for avoiding the rollover of a work vehicle

(1) according to claim 10 or 11 comprising the
following steps:

• Acquire data related to the position of the
center of gravity of sais work vehicle (1);
• Acquire data related to the inclination of
said work vehicle (1) with respect to a ver-
tical axis;
• Compare the acquired inclination angle
with respect to a threshold angle;
• If the acquired inclination angle is lower
with respect to the threshold angle, the ac-
tuator means (14) are not activated;
• If the acquired inclination angle is greater
with respect to the threshold angle, the ac-
tuator means (14) are controlled by said
electronic unit to modify the position of said
swivel ring assembly (8) with respect to said
intermediate portion (7) of said undercar-
riage (2) along its width direction (W) of a
quantity sufficient to avoid rollover of said
work vehicle (1).

13. Method according to claim 12, wherein said center
of gravity position is memorized as fixed value in the
electronic unit.

14. Method according to claim 12 when depending on
claim 11, wherein said center of gravity position is
elaborated in function of a memorized shape of said
work vehicle (1) and said data related to its weight.

15. Method according to claims 12 to 14 wherein said
threshold angle is memorized in said electronic unit
or is calculated in function of the current center of
gravity position of the vehicle.
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